SYNOPSIS A method is described for the estimation of serum haptoglobin as 'haemoglobin-binding capacity'. The method relies on column chromatographic separation of the haemoglobin/haptoglobin complex from excess added free haemoglobin on the dextran gel Sephadex G.100. The method is simple and reproducible, and correlates well with another method of estimating haemoglobin-binding capacity over a wide range of values.
The estimation of serum haptoglobin is of principal value in the detection of minor degrees of haemolytic disease (Neale, Aber, and Northam, 1958) . Several methods have been described, based on measurement of the peroxidase activity of the haemoglobin/ haptoglobin complex, both titrimetric (Jayle, 1951) and colorimetric (Connell and Smithies, 1959) , or on the determination of the haemoglobin-binding capacity of the haptoglobin by titration with haemoglobin, followed by electrophoresis on filter paper (Laurell and Nyman, 1957) or in agar gel (Rowe, 1961) to determine the end point at which 'uncombined haemoglobin' is just demonstrable. This paper reports a simple alternative method based on the separation of the high molecular weight haemoglobin/haptoglobin complex, formed by the addition of excess haemoglobin solution to the serum, from the lower molecular weight uncomplexed 'free haemoglobin'. This separation is effected by gel filtration on Sephadex G. 100, followed by elution with 2 g. % sodium chloride solution. Sephadex G.100 column (40 x 1J cm.). 05 ml. serum + 0-02 ml. haemoglobin solution (= 2-7 mg. Hb) + 5 mg. sodium chloride, eluted with sodium chloride solution (2g./100 ml.).
about five 2 ml. fractions, and is followed by a second more diffuse peak. The fractions from the first peak are pooled and the extinction measured in the same way as before. Haemoglobin conwentration in this pool is read off from the calibration chart, and the total haemoglobin in peak 1 calculated (Hb concentration in mg./ml. x volume of pool).
Haptoglobin concentration is then expressed as haemoglobin-binding capacity of peak I in mg./100 ml. 100 serum = total haemoglobin in peak 1 x . After washing out the free haemoglobin the column is ready for re-use. A single column can be used repeatedly, and we have used them for up to 30 estimations.
SPECIFICITY OF ESTIMATION OF HAPTOGLOBIN
The haptoglobins are the only class of serum proteins conclusively shown to combine with haemoglobin. Haematin will combine with haemopexin, a ,B-globulin of low molecular weight, and with albumin, the latter giving methaemalbumin, but has not been shown to combine with haptoglobin. Conversion of haemoglobin to haematin occurs when free haemoglobin, in serum, is incubated at 37°C.; when free haemoglobin is present in the circulation; and also when haemoglobin is passed through some supporting media, such as paper in electrophoresis, or starch in column chromatography (Aber and Rowe, 1960) . Such conversion has not been found on Sephadex columns.
These haematin protein complexes both give a positive Schumm reaction, and have characteristic absorption spectra. Schumm tests were negative on both elution peaks in this method, and spectral absorption curves showed the presence of reduced haemoglobin only. Orthotolidine staining of peak 1 after electrophoresis at pH 8-7 in parallel with the whole serum showed only one band of staining in the alpha2 region (Fig. 2) . It can therefore be concluded that the method estimates only haptoglobin-bound haemoglobin.
In highly lipaemic sera the peak 1 is sometimes turbid. This will result in falsely high readings at OD 415; fasting blood samples are therefore preferable. Freeman (personal communication) has overcome this difficulty by complexing the serum with haemoglobin in which the iron is isotopically labelled, and counting the label in peak 1.
RESULTS
NORMAL SERA Twenty-seven pairs of duplicate estimations were performed, the individual values of Hb-binding capacity varying from 20 to 200 mg./100 ml. The standard deviation of the method was calculated from these paired estimations, and was ± 7*04 mg. Hb-binding/100 ml. serum. The normal range was determined by measuring the haptoglobin content of 40 sera from blood donors, comprising 20 males and 20 females (Table I) .
A significant difference was found on applying Student's t test to these two groups. t = 3f29 p = 0-01-0-001. (Jayle, 1951; Rowe, 1961) that haemolysis in the serum sample does not vitiate the analysis, and over the third (Connell and Smithies, 1959) Immunoelectrophoresis in agar gel at pH 8-4. The normal serum shows both albumin and haptoglobin precipitates. Peak 2 contains albumin but no haptoglobin. Peak 1 contains a strong haptoglobin but only a trace of albumin (the method is sensitive to 1 /lg./ml.). Orthotolidine staining shows haptoglobin-haemoglobin complex faintly in the normal serum but a strong band in peak 1. No haptoglobin present in peak 2. Note the slower electrophoretic mobility of the saturated haptoglobin-haemoglobin complex in peak I compared with the unsaturated haptoglobin in the whole serum. (Rowe, 1961) and Sephadex column method for serum haptoglobin estimation.
Hb B.C. = Haemoglobin-binding capacity in mg./100 ml.
On Sephadex dextran gels the rate of elution of proteins is dependent on molecular size (Porath, 1962) . Since human haptoglobin is present as a number of allelic forms which vary in molecular size (Laurell, 1960) , it would be expected that the precise point of elution of the complex would vary in the different genotypes. As the haptoglobin molecules probably exist in the range of molecular weight 89,000 to 220,000 (Herman-Boussier, Cloarec, and Cheftel, 1962) , and haemoglobin binding is mole for mole, the complex would be expected to vary in molecular weight from 156,000 to 310,000. G.100 Sephadex does not resolve proteins in this molecular range and molecules of this size will all be eluted in the first peak of protein, while free haemoglobin will appear just after the albumin peak, therefore little variation in position would be expected by this method. This material is therefore better than G.200, in which partial resolution of the (Fig. 4) . For any given column dimensions the point of elution of the various proteins is constant. Although the collection of many small aliquots has been used to develop the method described here, it should be relatively easy to devise a method in which continuous monitoring of the effluent, or collections of larger fractions would enable the procedure to be fully automated.
Although the variations in serum haptoglobin levels have been fairly extensively studied, the estimation is only currently in routine use for the detection of low levels in the diagnosis of haemolytic anaemia. Wide variations in serum levels occur in a range of diseases (Nyman, 1959) , and very high levels are found in association with infection, injury, and the nephrotic syndrome; low levels may be found in some forms of liver disease, but not in association with reabsorption of blood pigments from an internal haemorrhage, when normal serum haptoglobin levels are associated with protein-bound haematin and a positive Schumm test (Northam, Rowe, and Winstone, 1963) .
The advent of a simple reproducible method of estimation should lead to a much wider availability of this estimate in clinical practice, and to a greater knowledge of the significance of variations in serum level in disease.
